
Farmers’ response to water scarcity, policy, and risk

Marco P. Maneta, PhD

Geosciences Department
The University of Montana, Missoula

marco.maneta@umontana.edu

January 7, 2013



Integrated hydroeconomic analysis
Objectives

How do droughts impact crop mix and water use?

How does agricultural change impact water availability and other
water uses?

How do farmers respond to water policy?

What water policy maximizes the social and economic benefits of
irrigated agriculture while mitigating the negative impacts on other
water users
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Integrated hydroeconomic model

Optimization variables:
- Crop mix and acreage
- Hired and family labor used
- Water applied
- Amounts of seeds used
- Amount of fertilizer used
- Amount of pesticides used
- Capital
- Energy/electricity used

Production
function

Climate Flows

Production 
costs

Social constraints:
- Available labor

Physical constraints:
- Available land

Policy constraints:
- Water allocation rules
- Environmental flow mandates
- Nitrogen export limits 
- Subsidies on production
- Subsidies on acreage
- Minimum wages

External price of inputs:
- Price of fertilizers

- Price of seeds
- Price of hired labor

- Price of energy
- Price of water

Market price of crops

Environmental Social Farmer revenues

Trade-off curves showing the best
(Pareto-optimal) policies
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Results
Effect of access to water: Spatial component
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Results
Simulation of scenarios

How do farmers behave in a drought?:
- Baseline scenario: Precipitation and ET in 2004
- Drought Scenario: -40% rainfall +20% increase in ET
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Impact of droughts
Change in demand from reservoirs
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Impact of droughts
Groundwater use (Farmer 4)
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Impact of droughts
Economic effects (water and land use)
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Impact of droughts
Economic effects (profits and labor)
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Impact of droughts
Precipitation shortfalls and farm profits
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Test run
Farm in Yolo county, CA

Demonstration for a farm in California

610 ac commercial farm

All crops under irrigation

Farmer is not water constrained

Four crops (Alfalfa, wheat, corn, and tomato)

Three inputs (land, water, labor)

Xi ,j =


Alfalfa Wheat Corn Toms

land
...

water
...

labor
. . .

...


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Results
Reproduction of baseline observations
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Results
Simulation of scenarios

Test drive: New water allocation rules that results in:
- Scenario 1: 30% reduction in water available
- Scenario 2: 50% reduction in water available
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Results
Impact of a reduced access to water
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Results
Summary of impacts

Baseline 30% reduction 50% reduction

Water available 2300 1610 1150
Water used 2060 1610 1150
Shadow value $0.0 $9.00 $25.3
% loss net rev -2.76 -11.3
% change hiring -11.7 -28.9
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Conclusions

Hydroeconomic models are a valuable tool to inform policy and water
management

Hydroeconomic models may help develop water markets

Impact of water shortage on rural economies is complex. Losses do
not scale with water shortage

Farmers react to reduced access to water (drought or policy) by
reallocating land and water, hiring less or stress irrigating some crops
to reduce costs or improve profitability

Relative location of individual farmers in a region matters. Policy can
ensure fair and equal access to water and reduce economic imbalances
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THANK YOU

M. Maneta (UM) Resiliency of agricultural systems January 2013 18 / 18


